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I The Minerals, Metals and Materials Society (TMS) arranged the facility and venue for the eigth US 
MOVPE Workshop in the bi-annual series. Over 200 MOCVD worker bees from around the world and 
a few pleasure-intent drones converged on Dana Point, California to hear morning sessions on the 
latest advances in OMVPE technology, enjoy afternoons in the sun and suffer late evening sessions 
under illusions of dedication. 
A 
lmost as an extension of the 
MRS meeting the first ses- 
sion dealt with nitrides, still 
one of the hottest opics in the field 
of compound semiconductors. How- 
ever, it is obvious from the number of 
groups reporting here that in situ mon- 
itoring of the OMVPE process has be- 
come a popular analytical tool and 
another hot topic. Several different 
techniques are being used, and being 
applied to a wide range of compound 
semiconductor materials, including 
the nitrides. 
Because of the overall success of 
the techniques used and the valuable 
information that they have already 
provided, it must now be considered 
as one of the most important adapta- 
tions for OMVPE layer growth analy- 
sis. These methods are very important 
procedures for MBE layer growth, are 
not possible at OMVPE operating 
pressures. 
With many research groups having 
added monitoring capability to their 
growth processes, the successes of 
OMVPE monitor ing are now fre- 
quently reported. Thus, two sessions 
were devoted to this subject matter at 
this workshop. Both optical and X-ray 
methods are being used on a real time 
basis to a range of binary, ternary and 
quaternary materials, including CdTe, 
GaAs, InAs/GaSb A1GaAs, InGaAs, 
InGaP, AllnGaP, InGaAsP, A1GaN. 
Unfortunately but perhaps necessarily, 
"in situ monitoring of the 
OMVPE process has be- 
come a popular analytical 
tool and another hot 
topic" 
the various techniques have given rise 
to another set of acronyms to plug into 
your search engine. In addition to the 
simple spectral reflectance the follow- 
ing techniques have their own desig- 
nations:- 
(i) Reflectance Difference Spectro- 
scopy (RDS) 
(ii) Surface Photo Absorption (SPA) 
(iii) Reflectance Anisotropy Spectro- 
scopy (RAS) 
(iv) Polarised Reflectance Spectroscopy 
(PRS) 
(v) Spectroscopic Ellipsometry (SE). 
Layer growth monitoring has also 
become commercial ly important,  
firstly, since it is being used during de- 
vice production, in some cases as an 
archival record, and secondly, because 
monitor units are available from the 
manufacturers of MOCVD reactors 
now have this option available to them 
and presented papers at this meeting, 
illustrating the benefit of OMVPE 
process monitors. These techniques 
have also partially reduced the process 
monitor ing advantages that MBE 
layer growth processes have had in 
the past. A summary of the benefits 
for insitu monitoring reported at Dana 
Point are listed below. 
a) Several groups reported that the 
number of calibration runs and the 
associated cost required before a 
process i  established, can be signif- 
icantly reduced. Additionally, com- 
position and high temperature 
physical properties can be derived 
for some layers. 
b) W.G. Breiland from Sandia re- 
ported that spectral reflectance data 
could be used to derive thickness 
and aluminium composition values 
from AIGaAs layers. 
c) Kevin Killeen from Hewlett-Pack- 
ard described the use of vertical re- 
flectometry tofollow the growth of 
GaN/A1GaN films in a multi-water, 
vertical, stagnant flow reactor. Mea- 
surements of growth rates, optical 
constants and wafer to wafer varia- 
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tions were shown and colour simu- 
lations of the data can be used for 
archival records of process runs. 
d) David Kiskei from IBM used X-ray 
scattering to show that GaAs and 
AIGaAs surface growth reconstruc- 
tion are, respectively 4 x 4 and 2 × 3 
during OMVPE rather than the 
previously postulated 2 x 3. 
e) Steve Hummel from H-P used re- 
flectance monitoring for 780 nm A1- 
GaAs lasers obtaining thickness 
uniformities of better than 0.33%. 
f) Toshio Nishida from NTT, Kanaga- 
wa, utilised SPA to monitor the 
growth of a step-free indium ar- 
senide monolayer. 
g) Y.D. Kim ofKyung Hee University, 
Seoul, using SPA could differentiate 
between arsenic and gallium termi- 
nated layers and used the technique 
to control the growth of a gallium 
arsenide monolayer. 
h) Srikanteswara Murthy from Rensse- 
laer Polytechnic used spectroscopy 
ellipsometry to monitor the atomic 
layer epitaxial growth of cadmium 
telluride. 
Nitride news 
In the nitride sessions various technol- 
ogy advances were reported. S. Keller 
from UCSB described the deposition 
of indium gallium nitride layers by 
Flow Modulat ion Epitaxy (FME). 
Lower deposition rates were obtained 
compared with continuous carrier 
flows, but higher indium contents 
could be obtained particularly at high 
ammonia flow rates, (about six litres 
per minute).Very high band edge lumi- 
nescence was obtained from these 
layers. 
Several authors reported on the 
variations in nitride buffer layer qual- 
ity and methods to reduce surface 
roughness as they relate to surface 
treatments and buffer growth condi- 
tions. N.R. Perkins from the Univer- 
sity of Wisconsin described how an 
ammonia nneal of the sapphire sub- 
strate surface before buffer  layer 
growth could reduce surface rough- 
ness to 0.54 nm from 1.2 nm without 
ammonia and at the same time im- 
prove the crystall inity of the GaN 
film. 
The control of layer thickness is an 
important  OMVPE growth para- 
meter. Junko Kobayashi from USC re- 
ported that layer thickness variations 
in gallium nitride of better than 1% 
and up to 2 cm from the wafer center 
were obtained by using a water cooled 
'shower head' type reactor. Hong Hou, 
from Sandia, described the growth of 
high purity A1GaAs in a rotating disk 
reactor, using in situ reflectometry. In 
these experiments, the dimethylamine 
alane aluminium precursor was cred- 
ited with reduced levels of carbon 
and oxygen incorporation. 
As the search for a practical sub- 
strate for gallium nitride continues, 
Jun Cao from the University of Michi- 
"The control of layer 
thickness is an important 
OMVPE growth 
parameter" 
gan, presented results of a 'drastically 
different expitaxial growth approach' 
growing nitrides on silicon on insula- 
tor (SOI) wafers.When compared with 
s i l i con  and o ther  non- la t t i ced  
matched wafers, the thin layer of sili- 
con on the SOI wafer was reported as 
being more compliant. Low pressure 
OMVPE grown gallium nitride on 
SOl had lower detect levels and better 
morphology. As may be anticipated, 
best crystal qualities were obtained at 
growth temperatures above 900°C. 
OMVPE news 
A wider spectrum of growth para- 
meters was opened with a promise of 
future high pressure OMVPE growth 
results (up to 10 atmospheres) was gi- 
ven by C. Hoepfner of NCSU when 
describing their new horizontal reac- 
tor design. Other new applications in- 
c luded the use of  this neopenty l  
gallium precursor for atomic layer epi- 
taxy (ALE). In this work, S. Watkins 
and his coworkers from Simon Fraser 
University were able to grow self limit- 
ing gallium layers in the ALE growth 
process. A true homolysis of the neo- 
pentyl radical was postulated to aid 
this process, rather than the beta elim- 
ination of hydrogen to give ethenes 
from ethyl and several other alkyl gal- 
lium precursors. 
In the interest of potential photo- 
dynamic therapy applications, John 
Roberts from the University of Shef- 
f ield, reported on the growth of  
750 nm lasers, a wavelength not nor- 
mally obtainable from InGaP and A1- 
GaAs lasers. By growing  single 
quantum well strained In/A1GaAs 
quaternary structures, 730 and 748 nm 
lasers were produced. 
Eric Bretschneider  f rom EM- 
CORE reported the growth of silicon 
quantum wells with widths in the 20 to 
100 A range, confined in zinc sulphide 
barriers. LEDs and lasers based on 
these silicon quantum wells are pre- 
dicted to emit in the near infrared 
spectrum. 
A. Taylor from Hewlett-Packard, 
UK, reported on the atmospheric 
pressure growth  of  commerc ia l  
1300 nm DFB lasers (-40 to +85°C op- 
erating range). A wavelength spread of 
only 3 nm between devices was ob- 
tained over a four square inch wafer 
area and a record low threshold cur- 
rent of only 26 mA at 85°C has been 
claimed. 
II-Vl developments 
In II-VI growth news, M. Ahmed from 
the North East Wales Institute re- 
ported on the photo-assisted growth 
results for zinc selenide (for blue-green 
LEDs) using the ethyl, isopropyl, and 
tertiary butyl selenium sources. Argon 
laser radiation (458 nm) gave a tenfold 
photo -enhancement  o the layer 
growth rates in the preferred tempera- 
ture range (300-400°C) for the isopro- 
pyl and ethyl precursors only. The 
tertiarybutyl precursor exhibited no 
growth enhancement and also con- 
tained up to 6 x 1019 concentrations of 
hydrogen, a potential problem impur- 
ity for p-doping activation. 
H. Kalisch from RWTH, Aachen, 
reported a novel precursor combina- 
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tion (including ditertiarynutyl sulphur 
and ditertiarybutyl selenium) to grow a 
wide range of MgZnSSe structures. 
Lasing up to 375K was obtained from 
optical pumping at 465 nm. 
InSb developments 
Nigel Mason from Oxford University 
reported the adaptation of the Surface 
Photo Absorption technique to ob- 
serve and control monolayer changes 
dur ing the growth of  InAs/GaSb 
superlattices and also to differentiate 
between gallium and arsenic termi- 
nated surfaces. In these experiments 
light from a 633 nm laser eflected into 
a silicon photodiode was used for sur- 
face analysis and UV light was used for 
monitoring of the alkyl groups by a 
method similar to PRS. 
The development of 2-6 micron 
indium antimonide alloy system emit- 
ters continues for use in chemical sen- 
sot systems. ChristineWang from MIT 
reported on the first time OMVPE 
growth of GalnAsSb/A1GaAsSb mul- 
tiple quantum well structures. Diode 
lasers were produced in which the 
15nm GaInAsSb wells were nominally 
lattice matched to gallium antimo- 
nide. Emission was at 2.1 micron, with 
pulsed threshold currents as low as 1.2 
kiloamps per sq cm. Using superlattice 
structures grown in the 500°C range at 
200 tort, R. Biefield from Sandia, re- 
ported a room temperature operating 
LED, emitting at 4.2 micron. Also de- 
scribed in the same paper were a 
strained layer indium arsenide-antio- 
monide laser emitting at 3.9 micron at 
temperatures up to 210K and a single 
heterostructure aluminium arsenide- 
antiomonide optically pumped 3.6 mi- 
cron laser operating at up to 220K. 
A. Allermann, also from Sandia, 
described the use of two ahminium 
precursors, trimethylamine alane and 
ethyldimethylamine alane, for the hor- 
izontal reactor multistage growth of 
antimonide-based LEDs emitting in 
the 4-5.5 micron range. These LEDs 
can be used to detect important pollu- 
tion gases, carbon dioxide absorbing 
at 4.25 and carbon monoxide absorb- 
ing at 4.6 microns. He also described 
a two stage five-quantum-well device 
that could lase at two frequencies. 
The commercial aspects of  the 
conference took place in the hallways, 
where about 20 OMVPE related ven- 
dors provided table top exhibits. These 
were well patronised in between the 
sessions, but with afternoons uncom- 
mitted, most of the commerce prob- 
ably took place either on the local 
greens and fairways or on friendly 
yachts that were plying the sunny cost- 
al waters. 
At the time of reporting the loca- 
tion for the next workshop had not 
been decided. 
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About  DRIP VII  
DRIP VII is the 7th conference on in international 
series devoted to modern diagnostic methods and 
their applications to the recognition of defects and 
inhomogeneities in semiconductor materials with 
emphasis on imaging techniques. 
The workshop-like conference brings together 
characterization experts from science and industry. 
The topics of the conference are: 
• defect recognition techniques and their applications to 
substrates, epilayers, nanostructures, and devices 
• advances in defect analyzing techniques and 
instrumentation, merits and limits characterization 
techniques, calibration, standardization, round-robin 
tests, methodologies for data and image processing and 
evaluation 
• correlation between defects and device performance, 
including degradation and failure analysis 
• in-situ diagnostics, process control (in view of mea- 
surements at solids) 
• adaptation and application of standard characteriza- 
tion techniques to new materials, new material qualities 
or new questions 
Locat ion/Accommodat ion/Travel  
DRIP VII will be held in Templin, a small district own north of 
Berlin. Situated at the banks of the Lake LQbe, the 
"Ferienhotel Templin" offers lecture hall, accommodation, 
restaurants, swimming pool, etc. in one building. 
The hotel lies 1 mile from the town, dominated by its well- 
preserved fortifications and gate-towers, "modernized" in 
1325. 
Hotel accommodation has been reserved at a reduced rate 
for conference participants and accompanying persons for  
reservation before 30 July 1997. 
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